A series of factors can affect populations of H. glycines and even its life cycle, including inoculum density and genetic resistance of soybean cultivars. This study evaluated whether resistance reaction to H. glycines is effective in reducing nematode development under high inoculum concentration, as well as if such resistance reaction and inoculum density affect juvenil penetration and survival rate of H. glycines. Two trials were done using three soybean cultivars: one susceptible (BRS Valiosa RR) and two resistant (BRSGO Chapadões and BRSGO 8860RR) to H. glycines. The cultivars were subjected to four inoculum density (1,000, 2,500, 5,000 and 10,000 eggs and J2 per pot). The experimental design was completely randomized, in a 3 × 4 factorial scheme, with twelve replications. Two evaluations were done at 10 and 30 days after inoculation (DAI). Juvenile penetration in the roots was evaluated at 10 DAI and the number of females in the roots was estimated at 30 DAI. The survival rate was determined using both evaluations. Increasing initial density of H. glycines inoculum resulted in the increase of nematode final population in the susceptible cultivar, and the resistance reaction of soybean cultivars was not affected by the inoculum concentration. Penetration of J2 in the roots increased as inoculum density increased regardless of cultivar resistance or susceptibility. Nematode survival rate was greater in the susceptible cultivar.
Introduction
Soybean cyst nematode (Heterodera glycines Ichinohe, 1952) was first described in 1915, in Japan, and detected in the United States in 1954. The first identification of this pathogen in Brazil occurred in the crop year 1991/92 (Lima et al., 1992; Lordello et al., 1992; Monteiro & Morais, 1992 ) and now it is found in the Brazilian ten largest soybean producer states (MG, MS, MT, GO, SP, PR, RS, BA, TO and MA) (Dias et al., 2010) .
A series of factors can affect H. glycines populations and even its life cycle, including inoculum density (Todd et al., 2003) . Increases in H. glycines initial density oftentimes result in female increase in soybean root system. Brito et al. (1999) evaluated seven H. glycines inoculum levels (0, 2,000, 4,000, 8,000, 12,000, 16,000 and 20,000 eggss/pot) in three different periods (28, 35 and 42 days after planting) and observed that the number of females in the root system tends to increase with increasing initial inoculum. Similar results were found by Rocha et al. (2008) .
Increasing nematode initial population is not always followed by an increase in the number of females or in its reproduction factor. A large number of J2 penetrating soybean roots cannot establish syncytia in the plant vascular tissue, and do not complete their life cycle. Moreover, resistant and susceptible cultivars present different behavior when subjected to greater or smaller inoculum pressure (Koenning, 2000) . Wang et al. (1998) , evaluating the effect of different inoculum densities (100, 1,000, 4,000 and 10,000 egges and J2 per pot) on the determination of H. glycines races concluded that concentrations above 4,000 reduced the number of females in the root system of the susceptible cultivar Lee 74. Asmus and Ferraz (2002) , testing six H. glycines inoculum density (0, 1,200, 3,600, 10,800, 32,400 and 97,200 J2/pot) , observed that increasing initial population promoted a reduction of the reproduction factor. Differences in the nematode parasitism can be observed among resistant cultivars dependingon the parent used as the source of resistance. Anand and Brar (1983), and Young (1984) observed this difference and suggested that, for better population management, more than one source of resistance to H. glycines should be used in the development of commercial cultivars. Brucker et al. (2005) observed different functions in the alleles linked to rhg1. The alleles linked to resistance genes of PI 437654 confer greater resistance than those linked to PI 88788. Thus, in areas with high population densities, cultivars derived from PI 88788 could have more female development in their root systems as a function of lower resistance stability.
Resistance and inoculum density also have great effect on H. glycines survival rate. Colgrove and Niblack (2005) obtained low survival rates in differential PI 88788, PI 437654, PI 548402 and PI 90763, all resistant to H. glycines, and rates above 100% in susceptible cultivar Lee. Tood et al. (2003) observed that H. glycines population density affected both multiplication and survival rate. Survival rate decreases significantly with increasing population density while survival rates above 100% are found in low population densities.
This study evaluated whether resistance reaction to Heterodera glycines is effective on reducing nematode development, under high inoculum concentration, as well as whether such resistance reaction and increase in inoculum density affect juvenile penetration and survival rate of Heterodera glycines.
Method
Two experiments were done in greenhouse. The first one was done from March to April 2011 and the second one from December 2011 to January 2012. The experimental design was completely randomized, as a 3 (cultivars) × 4 (inoculum concentrations) factorial scheme, with 12 replications.
Four seeds of soybean cultivars BRSGO 8860RR (resistant to. glycines, race 3 and moderately resistant to race 14), BRSGO Chapadões (resistant to races 1, 2, 3, 4, 5 and 14) and BRS Valiosa RR (susceptible) were sown in 0.3-L clay pots, containing a mixture of sterilized soil and sand (1:1). After seedling emergence, these were thinned to one seedling per pot. Two days later, the seedlings were inoculated with 1,000, 2,500, 5,000 or 10,000 eggs and second stage (J2) juveniles of H. glycines, race 3 (HG type 0 -), per pot. The pots were kept on raised border counters, immersed in moist sand during the experiments.
Plants from six replications were removed from the pots ten days after inoculation and the root systems were stained to evaluate juvenile penetration and determination of survival rate. The other six replications were harvested 20 days later to evaluate the number of females present.
Roots were stained by the technique of clarification in NaOCl and coloration with acid fuccin, adapted from Byrd et al. (1983) . The root systems were shredded into 2-cm pieces and imbibed for four minutes in 1.5% NaOCl solution. Subsequently, the fragments were drained, rinsed to remove excess sodium hypochlorite and soaked in water for 15 minutes.
Subsequently, a drop of stain was added to every 30 mL of roots soaked in water and the material was boiled. The stain was prepared by diluting 3.5 g acid fuccin in 250 mL acetic acid (99.7%) and 750 mL distilled water. The root fragments were removed from boiling after 30 seconds, drained, let cool to avoid the formation of bubbles inside the root tissue and rinsed in tap water to remove excess dye. Subsequently, the roots were clarified in glycerin acidified with two drops of chloridric acid and boiled again. After clearing, the fragments were placed in glycerin and stored in a refrigerator until quantification. Stained roots were placed in Petri plates and the number of juveniles counted under a stereoscope (magnification of 15×).
The number of females was determined in the plants harvested 30 days after inoculation. The root system was rinsed in tap water, over a set of 20 mesh and 60 mesh sieves overlayed. The material retained in the 20 mesh sieve was discarded, while that of the 60 mesh was poured over screen lined with filter paper (Andrade et al., 1995) , and taken to the stereoscope (magnification of 15×) to count the number of females.
Ten females were arbitrarily taken after quantification and burst over a set of 100 mesh and 400 mesh sieves. The suspension containing the eggs retained in the 400 mesh sieve was place in a 50-mL beaker, and homogenized. The number of eggs present in a 1-mL aliquot was determined in a light microscope (magnification 50×), with the aid of Peters' chamber, in three repetitions. The root system of the plants was weighed (fresh weight) after nematode extraction. The number of juveniles in the stained roots and the number of females present in the root systems were used to determine the survival rate, which is given by the proportion between the number of females and the number of juveniles.
The data were subjected to analysis of variance, using SISVAR (Ferreira, 2000) , and the averages compared by the Tukey test at 5% probability. Whenever significant differences were observed among the inoculum concentrations, regression analyses were done using SISVAR (Ferreira, 2000) . All data were transformed by √x + 1 before analysis.
Results and Discussion
Significant interaction was found in the number of females in the roots (P < 0.05) among soybean cultivars and inoculum density in the first experiment. The number of females observed in the roots of susceptible cultivar BRS Valiosa RR was greater than that found in the resistant cultivars BRSGO 8860RR and BRSGO Chapadões, in all inoculum density (Table 1) . Note. * Data transformed into √x + 1, for statistical analysis. ** Averages followed by the letter in the rows do not differ significantly by the Tukey test at 5% probability.
No significant interaction was found in the second experiment; however, differences were found for cultivar and for inoculum density (P < 0.05). The susceptible cultivar BRS Valiosa RR presented greater number of females in the roots than cultivar BRSGO 8860RR. Female development in resistant cultivar BRSGO 8860RR was different from resistant cultivar BRSGO Chapadões, in which female formation was practically nil (Table 1) . The difference in parasitism between the two resistant cultivars probably is due to of its source of resistance. The source of resistance to H. glycines in BRSGO Chapadões comes from PI 437654, while that of cultivar BRSGO 8860RR comes from PI 88788, which provide more unstable resistance (Dias et al., 2007 (Dongo & Opperman, 1997; Li et al., 2004) .
The number of females per root system increased, in the first experiment as a function of initial inoculum in the susceptible cultivar BRS Valiosa RR and in the resistant cultivar BRSGO 8860RR (P < 0.05) ( Figure 1A ). Similar results were obtained for the susceptible cultivar BRS Valiosa RR, in the second experiment ( Figure 1B ). Faghihi et al., 2007) . Therefore, the use of more than one resistance source is suggested for breeding new cultivars, increasing the resistance spectrum against H. glycines (Anand & Brar, 1983; Young, 1984) . Similarly, the farmers should use cultivars with different resistance sources.
Resistance reaction of cultivars is not affected by increased inoculum concentrations. Even under high H. glycines inoculum concentrations, resistant cultivars BRSGO 8860RR and BRSGO Chapadões, maintain smaller number of females per root system in comparison to the susceptible cultivar BRS Valiosa RR (Table 1) . These results indicate that using genetic resistance would be effective for reducing nematode population even under high inoculum densities. However, the use of resistant cultivars alone, as the only management strategy for the cyst nematode may lead to a selection of individuals capable of parasitizing these cultivars. Successive croppings could increase the number of these individuals and the loss of resistance (Dias et al., 1998) .
The number of eggs per female was affected only by cultivars and, in both experiments, the susceptible cultivar, BRS Valiosa RR, had greater number of egss per female, and were significantly different from the resistant cultivars BRSGO 8860RR and BRSGO Chapadões (P < 0.05) ( Table 1) . It is important to highlight that egg quantification in the susceptible cultivar was very low, considering that in Brazilian conditions approximately 100 to 250 eggs per female are expected (Embrapa, 2011) . However, even with such low numbers, differences were observed among resistant and susceptible cultivars.
Lower numbers of eggs per female in the resistant cultivars was expected since they have the resistance gene rgh 1 against H. glycines, affecting growth, development and fertility of females (Li et al., 2004) . Also, differences in the number of eggs per female were observed between the two resistant cultivars (P < 0.05). This occurred because cultivar BRSGO 8860RR allowed female development, while the number of females in cultivar BRSGO Chapadões was practically nil (Table 1) .
Interaction among cultivars and inoculum concentrations was observed for nematode penetration in the first experiment 1, while only the effect of inoculum density was observed in the secondo experiment (P < 0.05) ( Table 2) . Note. * Data transformed into √x + 1 for statistical analysis. ** Averages followed by the letter in the rows do not differ significantly by the Tukey test at 5% probability.
Differences between susceptible and resistant cultivars were observed in the first experiment, for the greatest inoculum densities (10,000 eggs and J2 per plant). There was greater penetration of H. glycines J2 in the root system of cultivar BRS Valiosa RR than in the resistant cultivars. However, no penetration differences were observed for all other densities in the different cultivars. This could be explained because resistance reaction to H. Evans and Fox (1977) , and Colgrove and Niblack (2005) found rates varying from 22.3 to 33% and 66.6 to 111.1%, respectively, for susceptible cultivar Lee, demonstrating the great variation in survival rates on susceptible cultivars, and that this rate can be above 100%. Tood et al. (2003) observed that H. glycines population density directly affected survival rate of the nematode and that this rate tends to decrease sharply with increasing population densities.
Conclusion
Increasing Heterodera glycines initial inoculum density increased final population of the nematode in the susceptible cultivar, and the resistance reaction of soybean cultivars is not affected by high inoculum concentration.
Penetration of H. glycines J2 in the roots increases with increasing inoculum concentration, regardless of resistance or susceptibility of the cultivar, and nematode survival rate is greater in susceptible cultivars.
